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(54) Demodulation and equalisation of multicarrier signals 



(57) In a multiband detector (DET). sub-band recon- 
struction and distortion compensation is performed by a 

plurality of digital filters (FIR1 FIRk, .... FIRN) 

arranged in a single-input-multiple-output architecture. 
Each digital filter (FIRk) is coupled between one and the 
same input (RDA-I) whereto a distorted multiband signal 
(si) is applied and a respective output (RDA-Ok) 



whereto a reconstructed sub-band signal (sik) is 
applied. This multiband detector (DET) has a. uniform 
architecture for each input-output path and can easily 
be adapted to changes in distortion of the multiband sig- 
nal (si), even if these changes only affect a few sub- 
bands. 
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Description 

[0001] The present invention relates to a multiband 
detector as described in the preamble of claim 1 . 
[0002] Such a multiband detector is already known in 5 
the art, e.g. from the article 'A Multicarrier E1-HDSL 
Transceiver System with Coded Modulation' from the 
authors Peter S. Chow, Naofal Al-Dhahir, John M. Cioffi 
and John A.C. Bingham. This article was published in 
the issue N° 3, May/June 1993 of the Journai/of Euro- w 
pean Transactions on Telecommunications and Related 
Technologies (ETT), pages 257-266. 
[0003] Therein, the multiband detector, named DMT 
(Discrete Multi Tone) receiver and drawn in Fig. 5, con- 
tains an arrangement which reconstructs the individual 15 
carrier signals of an incoming multicarrier signal and 
which compensates for distortion of the incoming multi- 
carrier signal due to transmission over a transmission 
line in between a DMT transmitter drawn in Fig. 4 and 
the DMT receiver drawn in Fig. 5. This arrangement 20 
consists of the cascade connection of a time domain 
equalizer, a serial to parallel converter with cyclic prefix 
stripper, a fast fourier transformer and a frequency 
domain equalizer. The time domain equalizer is a short 
adaptive finite impulse response filter which aims to 25 
reduce the cyclic prefix of multicarrier symbols by short- 
ening the impulse response length of the transmission 
line. The time domain equalizer so helps to reduce inter- 
symbol interference with an acceptable cyclic prefix 
length. Samples of a single multicarrier symbol in the 30 
incoming multicarrier signal are then paralleled by the 
serial to parallel converter and applied to the fast fourier 
transformer to be transformed from time domain to fre- 
quency domain. Since the equalized channel, i.e. the 
combination of transmission line and time domain 35 
equalizer, is not yet flattened, a frequency domain 
equalizer is included in the arrangement to compensate 
for phase and amplitude distortions of individual carri- 
ers. The frequency domain equalizer thereto consists of 
a parallel structure of one-tap filters, adaptive via a least 40 
mean square technique. The arrangement of time 
domain equalizer, serial to parallel converter, fast fourier 
transformer and frequency domain equalizer is followed 
by what is called a decoder in the cited article but is 
named a decision unit in this document. This decoder or 45 
decision unit compares the single carrier signals at the 
outputs of the frequency domain equalizer with the con- 
stellation schemes used to modulate the respective car- 
riers and derives therefrom the symbols modulated on 
the different carriers. 50 
[0004] An arrangement which compensates for distor- 
tion in a discrete wavelet multitone signal, i.e. another 
kind of multiband signal, and which reconstructs the dif- 
ferent wavelet bands from the distorted wavelet multi- 
tone signal is known from the article 'Overlapped 55 
Discrete Multitone Modulation for High Speed Copper 
Wire Communications' from the authors Stuart D. Sand- 
berg and Michael A. Tzannes. This article was pub- 



lished in the IEEE Journal on selected Areas in 
Communications. Vol. 13, N° 9 of December 1995, and 
the arrangement described therein and drawn partially 
in Fig. 1 has an architecture similar to the above 
described one. A pre-detection equalizer suppresses 
intersymbol interference by digitally filtering the incom- 
ing discrete wavelet multitone signal, a wavelet trans- 
former generates the wavelet sub-band signals and 
applies these wavelet sub-band signals in parallel to a 
post-detection equalizer which again consists of a par- 
allel structure of single band equalizers adapted via a 
least mean square technique. The arrangement, except 
for the length in taps of the pre-detection equalizer and 
post-detection equalizer and the nature of the transfor- 
mation used to reconstruct the sub-bands from the 
multiband signal, does not differ significantly from the 
above described arrangement with time domain equal- 
izer, fast fourier transformer and frequency domain 
equalizer. The arrangement in the article from Stuart D. 
Sandberg and Michael A. Tzannes further is coupled to 
a so called constellation symbol decision unit compara- 
ble to the decoder in the article from Peter S. Chow et al. 
[0005] In a more general article 'Multicarrier Modula- 
tion for Data Transmission : An Idea Whose Time Has 
Come', the author John AC. Bingham proposes a 
structure with a simple equalizer which performs a time 
domain convolution, a transformer which reconstructs 
orthogonal sub-bands from a multiband signal, and a 
set of parallel single band equalizers. The article from 
John A.C. Bingham was published in IEEE Communica- 
tions magazine of May 1990 and obviously suggests to 
use, whatever the nature of the multiband to sub-band 
transformation, a detector with an architecture similarly 
to that of the above cited articles. 
[0006] The architecture of a detector for sub-band 
reconstruction and distortion compensation, known 
from the above reference articles, has the disadvantage 
that it is insufficiently flexible vis a vis changes in the dis- 
tortion of the multiband signal on the transmission line. 
Narrowband distortions for instance, which affect only a 
few sub-bands and which are likely to occur as can be 
derived from the articles of John A.C. Bingham (see 
page 12, paragraph entitled "Single-Frequency Interfer- 
ence") and Peter S. Chow et al (see page 259; right- 
hand column, lines 28-29), can be compensated for by 
adapting the taps of the pre-detection equalizer or by 
enlarging the number of taps in the pre-detection equal- 
izer but these solutions obviously have an influence on 
the detection of other sub-bands which are not affected 
by the narrowband distortions. This solution conse- 
quently is not very effective which explains why Peter S. 
Chow and John A.C. Bingham propose to either update 
the bit allocations or to avoid using affected carriers in 
their respective articles in response to narrowband dis- 
tortions. 

[0007] The known architecture moreover limits the 
applicability of the multiband detector to environments 
wherein one and the same kind of multiband signal is 
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transferred. By the choice of the sub-band reconstructor 
in between the pre-detection equalizer and the post- 
detection equalizer, the multiband detector becomes 
able to either receive DMT (Discrete Multi Tone) signals 
whose sub-bands are reconstructed via a fast fourier 
transformation, DWMT (Discrete Wavelet Multi Tone) 
signals whose sub-bands are reconstructed via a wave- 
let transformation, or another kind of multiband signal 
whose orthogonal sub-bands are reconstructed via yet 
another transformation. Receiving another,, kind of multi- 
band signal with a detector having the known architec- 
ture requires replacement of components therein. For 
evident reasons (complexity of interfacing) this is not 
done. 

[0008] An object of the present invention is to provide 
a multiband detector of the above known type, but which 
is more flexibly adaptive to distortion changes on the 
transmission line, even if these changes in distortion 
affect only a few sub-bands, and which is suitable for 
detection of different kinds of multiband signals. 
[0009] This object is realised by the multiband detec- 
tor defined in claim 1 . 

[001 0] Indeed, according to the present invention, the 
multiband detector is given a more homogeneous archi- 
tecture over the different sub-bands. The different input- 
output paths of the detector, which each reconstruct 
one sub-band signal out of the incoming multiband sig- 
nal, are very similar and can be tuned separately. By 
adapting the taps of one digital filter or increas- 
ing/decreasing the number of taps of one digital filter, 
the corresponding sub-band is made less or more dis- 
tortion resistant independently from the other sub- 
bands. 

[001 1 ] Furthermore, by adapting the taps of all digital 
filters, the detector according to the present invention 
can be enabled to receive multiband signals of different 
nature. This is so because the taps of each digital filter 
contain two contributions. A first contribution depends 
on the set of orthogonal base functions used to consti- 
tute the multiband signal and allows reconstruction of 
the sub-bands. The second contribution depends on the 
transmission line characteristics and allows to compen- 
sate for distortion due to transmission of the multiband 
signal over the transmission line. If the first contribution 
is modified to accord with a new set of base functions, 
the detector is able to receive for instance DWMT sig- 
nals instead of DMT signals. Such a modification of the 
taps is realisable according to the present invention. 
The detector according to the present invention hence 
may be used to manufacture a multi-mode multiband 
receiver which, when switched from one mode to 
another, is able to receive another kind of multiband sig- 
nal. 

[001 2] It has to be noticed that the term 'comprising ', 
used in the claims, should not be interpreted as being 
imitative to the means listed thereafter. Thus, the scope 
of the expression 'a device comprising means A and B' 
should not be limited to devices consisting only of com- 



ponents A and B. It means that with respect to the 
present invention, the only relevant components of the 
device are A and B. 

[0013] Similarly, it has to be noted that the term 

s 'coupled', also used in the claims, should not be inter- 
preted as being limitative to direct connections only. 
Thus, the scope of the expression 'a device A coupled 
to a device B' should not be limited to devices or sys- 
tems wherein an output of device A is directly con- 

w nected to an input of device B. It means that there exists 
a path between an output of A and an input of B which 
may be a path including other devices or means. 
[0014] An additional feature of the present multiband 
detector is defined in claim 2. 

75 [0015] Indeed, although changes in the distortion on 
the transmission line may be compensated for by updat- 
ing the allocation of bits to different sub-bands, or may 
be updated by a technician which resets the tap values 
of the digital filters based on signal-to-noise ratio meas- 

20 urements on the transmission line, it is advantageous to 
incorporate a control unit which automatically adapts 
the filter taps when changes in the distortion on the 
transmission line are detected. The transmission line 
thereto may be monitored continuously or at discrete 

25 time intervals. 

[0016] Another feature of the multiband detector 
according to the present invention is defined in claim 3. 
[0017] In this way, the control unit is not only capable 
of adapting the tap values but also of modifying the 

30 number of taps in a digital filter rendering a higher 
degree of flexibility to react to channel changes. 
[0018] A further advantageous feature of the multi- 
band detector according to the present invention, is 
defined in claim 4. 

35 [0019] In this way. intercarrier interference and inter- 
symbol interference can be reduced in a less process- 
ing intensive manner than it is compensated for by the 
sub-band reconstruction and distortion compensation 
arrangement. This is so because the decision unit oper- 

40 ates at the multiband symbol clock speed whereas the 
sub-band reconstruction and distortion compensation 
arrangement operates at the sample clock speed. Mod- 
ification of a tap of a digital filter allows access to a 
greater frequency bandwidth than modification of a 

45 coefficient in a tapped delay line since the taps in the 
digital filters have a higher time resolution than the coef- 
ficients in the tapped delay lines. Hence, there is a 
trade-off between accuracy and mathematical complex- 
ity which determines the length of the tapped delay lines 

so in the decision unit and of the digital filters in the sub- 
band reconstruction and distortion compensation 
arrangement. 

[0020] Yet another advantageous feature of the multi- 
band detector according to the present invention is 
55 defined by claim 5. 

[0021 ] A similar reasoning to the one set out above for 
claim 2 in relation with adaptation of the taps of the dig- 
ital filters leads to the conclusion that it is advantageous 
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to have the control unit automatically updating the coef- 
ficients in the tapped delay lines of the decision unit 
when changes in the distortion on the transmission line 
are detected. 

[0022] Furthermore, a feature of the present invention 5 
is defined in claim 6. 

[0023] In this way. the available bandwidth for sub- 
band reconstruction is increased significantly which has 
an improving effect on the sub-band reconstruction 
process, especially if the base functions of fhe multi- io 
band signal have a lot of their energy dispersed in 
sidelobes. The more energy is located at high frequen- 
cies and the flatter the channel attenuation, the more 
useful it is to sample the received multiband signal with 
a higher sample rate. 15 
[0024] The above mentioned and other objects and 
features of the invention will become more apparent and 
the invention itself will be best understood by referring to 
the following description of an embodiment taken in 
conjunction with the accompanying drawings wherein : 20 

Fig. 1 is a block scheme of a known multiband 
receiver MB-RX; 

Fig. 2 is a block scheme of an embodiment of the 
multiband receiver MB-R according to the present 25 
invention; 

Fig. 3 is a block scheme of the sub-band recon- 
struction and distortion compensation arrangement 
RDA in the multiband receiver MB-R of Fig. 2; 
Fig. 4 is a block scheme of the decision unit DEC in 30 
the multiband receiver MB-R of Fig. 2; 
Fig. 5 is a graph illustrating the relation between the 
signal to noise ratio SNR after distortion compensa- 
tion and the number of taps TAPS in the digital fil- 
ters of the sub-band reconstruction and distortion 35 
compensation arrangement RDA; 
Fig. 6 is a graph illustrating the relation between the 
transfer rate R over a transmission line towards the 
multiband receiver MB-R and the length in samples 
N CP of a cyclic prefix added to multiband symbols 40 
transferred over this transmission line and; 
Fig. 7 is a graph illustrating the energy E in a multi- 
band signal transferred over a transmission line as 
a function of frequency F, and the line attenuation 
Ac L also as a function of frequency F. 45 

[0025] Fig. 1 shows the architecture of a traditional 
multiband receiver MB-RX used to receive DMT (Dis- 
crete Multi Tone) signals for instance in an ADSL (Asyn- 
chronous Digital Subscriber Line) system. Such a DMT so 
signal consists of a sequence of DMT symbols which 
have an equal length in time. Each DMT symbol is the 
superposition of a set of modulated carriers. To be able 
to receive the DMT signals, the multiband receiver MB- 
RX comprises the cascade connection of an analogue 55 
to digital converter A/D', a time domain equalizer TEQ, 
a serial to parallel converter S/P with cyclic prefix 
remover CP, a fast fourier transformer FFT, a frequency 



domain equalizer FEQ, a decision unit DEC and a par- 
allel to serial converter P/S'. The time domain equalizer 
TEQ, serial to parallel converter S/P with cyclic prefix 
remover CP, the fast fourier transformer FFT and the fre- 
quency domain equalizer FEQ constitute an arrange- 
ment for sub-band reconstruction and distortion 
compensation RDA', The frequency domain equalizer 
FEQ includes between each input/output pair a filter F1 , 
.... Fk FN. 

[0026] An incoming DMT (Discrete Multi Tone) signal 
is sampled by the analogue to digital converter A/D ' at 
the sample clock rate. The digitised multiband signal is 
then applied to the time domain equalizer TEQ which is 
a digital filter whose taps are adapted (e.g. iteratively) in 
such a way that the length of the equalized impulse 
response, i.e. the impulse response of the cascade of 
the transmission line and time domain equalizer, is 
reduced to a certain extent. Subsequent samples of the 
equalized DMT signal which constitute one DMT sym- 
bol are paralleled by the serial to parallel converter S/P, 
and the cyclic prefix remover CP removes the cyclic pre- 
fix wnich is added to each DMT symbol to reduce inter- 
symbol interference. If the equalized channel impulse 
response length is shorter than the cyclic prefix added 
to each DMT symbol, the time domain equalizer TEQ 
and cyclic prefix remover CP eliminate intersymbol 
interference perfectly. Usually, this is not achieved com- 
pletely. After cyclic prefix removal, the N remaining sam- 
ples of the DMT symbol are converted from time domain 
to frequency domain by the fast fourier transformer FFT. 
The signal at each output of the fast fourier transformer 
FFT represents a single sub-carrier of the multiband 
signal and may be seen as a complex value whose 
magnitude and phase correspond to the magnitude and 
phase of the modulated sub-carrier represented 
thereby. To compensate for the frequency dependent 
attenuation and phase distortion of the transmission 
line, the frequency domain equalizer FEQ adjusts each 
sub-carrier at the output of the fast fourier transformer 
FFT by multiplying it with a single complex value. The 
frequency domain equalizer FEQ thereto is provided 
with N one-tap complex least mean square adaptive fil- 
ters F1 Fk, .... FN. The decision unit DEC has 

knowledge of the amount of bits modulated on each car- 
rier and of the modulation technique used thereto. By 
comparison of the sub-carriers with the constellation 
schemes used to modulate these sub-carriers, the deci- 
sion unit DEC can determine the symbols modulated 
on each carrier. When these symbols are serialised by 
the parallel to serial converter P/S'. an outgoing datast- 
ream representing the demodulated data is constituted. 
[0027] As already indicated in the introductory part of 
this application, the prior art multiband receiver MB-RX 
has an architecture which does not allow it to receive 
other kinds of multiband signals than DMT signals with- 
out replacement of at least one component, the fast fou- 
rier transformer FFT, by another filter bank whose 
transformation is based on another set of orthogonal 
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base functions. Moreover, changes in the distortion on 
the transmission line towards the multiband receiver 
MB-RX always require adaptation of the taps of the time 
domain equalizer TEQ which implies that reception of 
all sub-bands is modified even if the changes in distor- 
tion only affect a few sub-bands. 
[0028] The multiband receiver MB-R drawn in Fig. 2 
includes an analogue to digital converter A/D; a multi- 
band detector DET and a parallel to serial converter 
P/S. The multiband detector DET comprises a sub-band 
reconstruction and distortion compensation arrange- 
ment RDA, a decision unit DEC and a control unit 
CTRL. 

[0029] The analogue to digital converter A/D is cou- 
pled between the input terminal of the multiband detec- 
tor MB-R and an input RDA-I of the sub-band 
reconstruction and distortion compensation arrange- 
ment RDA. N outputs RDA-OI. .... RDA-Ok, ... RDA-ON 
of the sub-band reconstruction and distortion compen- 
sation arrangement RDA are connected one by one to N 

inputs DEC-11 DEC-lk, ... DEC-IN of the decision 

unit DEC. N outputs DEC-01, .... DEC-Ok DEC-ON 

of the decision unit DEC are connected to inputs of the 
parallel to serial converter P/S which further has an out- 
put coupled to the output terminal of the multiband 
receiver MB-R. The control unit CTRL has output ports 
coupled to control ports of both the sub-band recon- 
struction and distortion compensation arrangement 
RDA and the decision unit DEC. Before describing the 
working of the different components of the multiband 
receiver MB-R, the internal structure of the arrangement 
RDA and decision unit DEC is given by reference to Fig. 
3 and Fig. 4. 

[0030] The sub-band reconstruction and distortion 
compensation arrangement RDA of Fig. 2 is drawn in 
-more detail in Fig. 3. This arrangement RDA comprises 

N digital finite impulse response filters Fl R1 FIRk 

FIRN, coupled between the arrangement input RDA-I 
and respective arrangement outputs RDA-OI RDA- 
Ok RDA-ON. The sub-band reconstruction and dis- 
tortion compensation arrangement RDA thus has a sin- 
gle-input-multiple-output architecture with separate 
paths between the input RDA-I and each output RDA- 
OI RDA-Ok RDA-ON. Each path is constituted 

by a single digital filter FIR1 FIRk FIRN and each 

of these filters FIR1 FIRk FIRN further is 

equipped with a control input CT1 CTk, .... CTN. 

[0031] The decision unit DEC of Fig. 2 is drawn in 
more detail in Fig. 4, and contains N comparator means 
CMP1, .... CMPk, .... CMPN and a number of tapped 
delay lines only one of which TDkl is drawn. Between 
an input DEC-tk and a corresponding output DEC-Ok, 
the decision unit DEC contains an adder ADk, a compa- 
rator CMPk and one or more tapped delay lines TDk1. 
The tapped delay lines TDk1 have an output coupled to 
the adder ADl of another input-output path of the deci- 
sion unit DEC. The only tapped delay line TDk1 drawn 
in Fig. 4 forms part of the path between the k' th input 



DEC-lk and k' th output DEC-Ok of the decision unit 
DEC, and has an output coupled to the adder AD1 in the 
path between the first input DEC-11 and first output 
DEC-OI of the decision unit DEC. This tapped delay 

5 line TDk1 consists of two delay units. D1 , and D2, cou- 
pled in cascade between the output of comparator 
means CMPk and the k' th output DEC-Ok of the deci- 
sion unit DEC. three multipliers, C1, C2 and C3, and two 
adders, A1 and A2. The multipliers C1. C2 and C3 are 

w connected with their inputs to outputs of the comparator 
means CMPk, the first delay unit D1 and the second 
delay unit D2 respectively. Outputs of the second and 
third multiplier, C2 and C3, are connected to inputs of 
the second adder A2, and this second adder A2 and the 

75 first multiplier C1 have outputs which serve as inputs for 
the first adder A1 . An output of the first adder A1 is con- 
nected to an input of the adder AD1 at the first input 
DEC-11 of the decision unit DEC. The tapped delay line 
TDk1 is further equipped with a control input Ck1 . Of the 

20 path between the first input terminal DEC-11 and first 
output terminal DEC-OI only the adder AD1 and com- 
parator means CMP1 are drawn. Nevertheless, this 
path may also contain one or more tapped delay lines 
with a structure similar to that of TDk1. Similarly, to 

25 avoid overloading the figure Fig. 4, only the adder ADN 
and comparator means CMPN of the path between the 
N' th input terminal DEC-IN and N' th output terminal 
DEC-ON are drawn, although this path also may include 
one or more tapped delay lines. 

30 [0032] An incoming analogue multiband signal is sam- 
pled by the analogue to digital converter A/D at the 
entrance of the multiband receiver MB-R drawn in Fig. 
2. The analogue to digital converter A/D thereto is con- 
trolled by a sample clock, not drawn in the figure, which 

35 may be synchronised with a sample clock in the multi- 
band transmitter that communicates with the multiband 
receiver MB-R or which may be fractionally spaced 
compared to the sample clock in the multiband transmit- 
ter, as will be explained later on. The analogue to digital 

40 converter A/D in this way generates a digitised multi- 
band signal si and applies this multiband signal to the 
input RDA-I of the sub-band reconstruction and distor- 
tion compensation arrangement RDA. In this arrange- 
ment RDA, the same multiband signal si is applied to 

45 each digital filter FIR1 FIRk FIRN but each digital 

filter FIR1 FIRk FIRN reconstructs another sub- 
band signal sil sik siN respectively and sources 

this sub-band signal sil sik siN via another out- 
put terminal RDA-OI RDA-Ok RDA-ON of the 

so arrangement RDA. That a single digital finite impulse 
response filter FIRk can reconstruct a sub-band signal 
sik from the multiband signal si and simultaneously can 
compensate for channel distortion of this sub-band sig- 
nal (minimizing intersymbol interference, intercarrier 

55 interference) and can filter noise such as NEXT (Near 
End Crosstalk). FEXT (Far End Crosstalk), radio fre- 
quency interference or even other disturbances, is 
based on the insight that the operations of the time 
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domain equalizer TEQ, fast fourier transformer FFT and 
frequency domain equalizer FEQ are comparable digital 
signal processing operations that can be integrated in 
one digital filter FIRk. To determine the values of the 
taps of the digital filters FIR1 FIRk, .... FIRN, differ- 
ent techniques may be used. When the taps are initial- 
ised with predetermined initialisation values, and the 
transmitter sends a predetermined training multiband 
signal to the multiband receiver MB-R, the output of the 
sub-band reconstruction and distortion compensation 
arrangement RDA can be compared with the expected 
output. A simple matrix inversion allows to calculate the 
values of the taps which would make the sub-band 
reconstruction and distortion compensation arrange- 
ment RDA produce the expected sub-band signals. 
These values are installed and the multiband receiver 
MB-R is capable of receiving any unknown multiband 
signal to produce therefrom the component sub-band 
signals. The matrix inversion and installation of the tap 
values is a task for the control unit CTRL drawn in Fig. 2 
which can adapt the tap values of the digital filters FIR1 , 

.... FIRk FIRN via respective control ports CT1 

CTk CTN of the arrangement RDA drawn in Fig. 3. 

Alternatively, the multiband transmitter that communi- 
cates with the multiband receiver MB-R may transmit a 
non-predetermined training multiband signal. A periodi- 
cal signal or a pseudo-noise signal for instance also 
allows the multiband receiver MB-R to measure the 
channel and to calculate the optimal filter tap values via 
matrix inversion. Yet another alternative way to obtain 
the filter tap values is a solution wherein again a prede- 
termined training multiband signal is transmitted to. the 
multiband receiver MB-R which now contains hardware 
in the control unit CTRL to adapt the taps of the digital 
filters FIR1, .... FIRk, .... FIRN step by step. The latter 
alternative however may suffer from long convergence 
times depending on the channel and transmitter filter 
bank characteristics. 

[0033] Fig. 5 shows a typical evolution of the signal to 
noise ratio SNR of a sub-band as a function of the 
number of taps TAPS in the digital filter which recon- 
structs that sub-band, and provides a criterion for 
selecting the number of taps N TAPS in a particular filter 
FIRk. Indeed, to be able to modulate a certain amount 
of bits bi on a sub-band and to be able to transfer this 
sub-band with this amount of bits bi over the transmis- 
sion line so that these bits can be recovered, a minimum 
target signal to noise ratio SNR t has to be achieved for 
this sub-band. Knowledge of the curve drawn in Fig. 5 
then enables one to determine the number of taps 
N TAPS to be provided in each digital filter FIRk. 
[0034] Besides calculating the initial settings for the 
taps of the digital filters FIR1 , .... FIRk FIRN, the con- 
trol unit CTRL has the task to adapt the tap values when 
changes in the distortion of one or more sub-band 
occur. The taps of a single sub-band may be adapted 
when this sub-band suddenly becomes more affected 
by noise, e.g. because of transmission of a radio ama- 



teur at a frequency in the vicinity of the sub-band, or 
when changes in the channel justify this. The taps of a 
single sub-band may be increased in number when this 
sub-band suddenly becomes more disturbed. The taps 

5 of all filters may be adapted when the transmission 
quality over the transmission line decreases signifi- 
cantly over a large number of sub-bands. To adapt the 
taps of the filters several techniques, well-known in the 
art since they are also used to adapt for instance the 

w time domain equalizer settings and frequency domain 
equalizer settings in the prior art multiband receiver MB- 
RX, can be used. First order techniques such as nor- 
malised LMS (Least Mean Square) adaptation, or block 
LMS (Least Mean Square) adaptation can be imple- 

15 mented in software or hardware. Whereas the hardware 
implementation has the drawback that it requires a 
higher complexity, the software implementation has the 
disadvantage of being slower. In a fast changing chan- 
nel, the hardware implementation may be preferred. For 

20 a slow varying channel such as a twisted pair telephone 
line, adaptivity at sample clock speed is not required so 
that.the mathematical complexity can justify a software 
implementation. It is to be noted that instead of a first 
order adaptation technique, more complex higher order 

25 adaptation techniques such as the RLS (Recursive 
Least Square) adaptation can be used too. 
[0035] The sub-band signals si1 , .... sik. .... siN at the 

outputs RDA-01 RDA-Ok RDA-ON are applied 

to the decision unit DEC which in its simplest implemen- 

30 tation consists of some comparator means which com- 
pare each sub-band signal sik with the constellation 
scheme that is used by the multiband transmitter for 
modulating that sub-band signal sik. From this compar- 
ison, the decision unit DEC then determines the sym- 

35 bols sy1, .... syk, .... syN modulated on each sub-band. 
Obviously, the decision unit DEC has to be aware of the 
type of multiband signal it receives, the constellations 
that were used to modulate the different sub-bands of 
the multiband signal, and probably also of some other 

40 parameters such as the power level of the incoming 
multiband signal. This information may be obtained from 

the control unit CTRL. The sub-band symbols sy1 

syk syN at the outputs DEC-01, .... DEC-Ok 

DEC-ON of the decision unit DEC are serialised by the 

45 parallel to serial converter P/S so that the original data 
sequence is constituted. 

[0036] The multiband receiver MB-R of Fig. 2 however 
contains a more advanced decision unit DEC which 
helps reducing intercarrier interference and intersymboi 

so interference and so reduces the work to be done by the 
sub-band reconstruction and distortion compensation 
arrangement RDA. To realise this, the decision unit DEC 
is made a decision feedback unit which adds to the dif- 
ferent sub-band signals si1, .... sik, .... siN at its input 

55 terminals DEC-11 DEC-lk DEC-IN contributions 

from other sub-bands. These contributions to one sub- 
band signal sik are summed together by a single adder 
ADk at the corresponding input terminal DEC-ik. The 
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comparator means CMPk connected to this adder ADk 
performs the above described task of comparing the 
sub-band signal with a constellation scheme and deter- 
mining therefrom the sub-band symbol syk, with as only 
difference that the sub-band signal used by the compa- 
rator means CMPk is made less affected by intercarrier 
and/or intersymboi interference. To a single sub-band 
signal sik, contributions from all other sub-bands may 
be added or contributions from only a few sub-bands, 
those which are most likely to affect this sub-band sig- 
nal, may be added. Obviously, this has an impact on the 
complexity of the decision unit DEC. Moreover, to a sin- 
gle sub-carrier signal sik, contributions from one multi- 
band symbol may be added or contributions of several 
multiband signals may be added. Evidently, this also 
has an impact on the complexity of the decision unit 
DEC. Each contribution of a sub-band to another sub- 
band may be generated by a tapped delay line such as 
the one drawn in Fig. 4. This tapped delay line TDk1 
adds a contribution of the k' th sub-band to the first sub- 
band signal si1. The contribution is a weighted sum of 
three subsequent sub-band symbols syk. The three 
subsequent sub-band symbols syk belong to subse- 
quent multiband symbols and are weighted by coeffi- 
cients via the multipliers C1, C2 and C3 respectively. 
The delay units D1 and D2 perform a delay of one sym- 
bol period. The weights used by the multipliers CI, C2 
and C3 are adapted in such a way that intercarrier inter- 
ference and intersymboi interference are reduced opti- 
mally. The control unit CTRL of Fig. 2 thereto applies for 
instance an LMS (Least Mean Square) algorithm and 
adapts the weights via the control input Ck1 . 
[0037] An advantageous effect of the decision feed- 
back structure of the decision unit DEC is that part of 
the job of the sub-band reconstruction and distortion 
-compensation arrangement RDA is done with lower 
mathematical complexity. This is so since the decision 
unit DEC operates at symbol clock speed whereas the 
sub-band reconstruction and distortion compensation 
arrangement RDA operates at sample clock speed. The 
work of the sub-band reconstruction and distortion com- 
pensation arrangement RDA can only be done to a cer- 
tain extent by the decision unit DEC since the 
operations at sample clock speed done by the arrange- 
ment RDA allow more accurate compensation of the 
distortion. Anyway, the more complexity is added to the 
decision unit DEC in the form of tapped delay lines, the 
more the filters FIR1, FIRk, .... FIRN in the sub-band 
reconstruction and distortion compensation arrange- 
ment RDA can be reduced in length and thus also in 
complexity. 

[0038] An advantageous effect of the present inven- 
tion of the prior art multiband receiver MB-RX is that the 
cyclic prefix added to multiband symbols may be 
reduced because a better compensation for intercarrier 
interference and intersymboi interference is obtained. 
The effect of the cyclic prefix length N CP on the transfer 
rate R of data is illustrated by Fig. 6. The transfer rate R 



can mathematically be expressed as follows : 

N 

R = ^SY M 8-Z b i 0) 
5 »=1 

Herein, c represents the efficiency, F SYM3 represents 
the symbol rate, and bj is the number of data bits modu- 
lated on the i' th sub-band. The efficiency t; depends on 
w the length of the cyclic prefix N CP expressed as a 
number of samples, and can be written as follows: 



Herein, N u is the number of useful samples, containing 
no redundant information, in a multiband symbol. If the 
cyclic prefix length N CP is reduced, the transfer rate R 

20 increases since the efficiency c increases. A reduced 
cyclic prefix N CP however has a decreasing effect on the 
signal to noise ratio because the remaining intersym- 
bol/tntercarrier interference is then higher, and thus also 
on the number of data bits bj modulated on the sub- 

25 bands. This disadvantageous effect of the decreasing 
cyclic prefix length N CP can be compensated for 
according to the present invention since a reduced 
intersymboi and intercarrier interference has an 
increasing effect on the signal to noise ratio within the 

30 different sub-bands and consequently also on the 
number of bits bi modulated on these sub-bands. As a 
result of the implementation of the present invention, 
the curve in Fig. 6 will move to the left compared to the 
prior art solution which implies that the optimal transfer 

35 rate ROPT can be achieved with a reduced cyclic prefix 
length NOPT CP 

[0039] A first remark is that the applicability of the 
present invention is not restricted by the transmission 
medium via which the multiband signal si is transported. 

40 In particular, any connection between a transmitting 
modem and receiving modem MB-R, e.g. a twisted pair 
telephone line, a cable connection, a satellite connec- 
tion, a radio link through the air, and so on, may be 
affected by noise, and hence the detection process may 

45 be improved by using a multiband detector DET accord- 
ing to the present invention. Depending on the transmis- 
sion medium, the performance of the multiband detector 
DET can be improved via fractionally spaced sampling. 
Fractionally spaced sampling implies sampling the 

so incoming multiband signal at a higher sample clock 
speed than that of the multiband transmitter. An advan- 
tage thereof is that energy of the multiband signal which 
is located at a frequency higher than half the sample fre- 
quency of the multiband transmitter becomes available 

55 for sub-band reconstruction. Depending on the nature 
of the sub-bands, i.e. the shape of the orthogonal base 
functions, the energy which is concentrated above half 
the sample frequency may be significant or not. Fig. 7 



13 



EP 0 912 023 A1 



14 



for instance illustrates a fictitious situation wherein a 
significant part of the energy E of a multiband signal is 
located at frequencies F above F SAMP/2l F SAMP being 
the sample frequency of the multiband transmitter. The 
line marked Ac L shows however that the attenuation of 5 
the transmission medium is very severe at frequencies 
above F SAMP/2 from which it should be concluded that 
fractionally spaced sampling at a frequency 
f 'samp = 2 - ^ samp would not improve the detection 
process. Concluding, fractionally spaced sampling can 10 
be considered to improve the sub-band reconstruction 
process but only in multiband environments wherein the 
transmission medium is not strongly attenuating the 
energy that becomes available through fractionally 
spaced sampling. 15 
[0040] The invention also is not only related to ADSL 
(Asymmetric Digital Subscriber Line) or similar systems 
wherein DMT (Discrete Multi Tone) modulation is used. 
A person skilled in the art will be able to adapt the above 
described embodiments so that it is applicable in any 20 
other system wherein a multi-band signal is transmitted 
from a transmitting modem to a receiving modem MB-R. 
Systems wherein orthogonal frequency division multi- 
plexing (OFDM) or orthogonally multiplexed quadrature 
amplitude modulation (OMQAM) is applied for instance 25 
are multiband environments wherein the present inven- 
tion is applicable. The number of sub-bands, the base 
functions used to define the sub-bands, and the fact 
whether different sub-bands can be modulated with a 
different amount of bits, with different constellations or 30 
not, is of no importance in view of the present invention. 
[0041] Another remark is that embodiments of the 
present invention are described above in terms of func- 
tional blocks. From the functional description of these 2. 
blocks, given above, it will be obvious for a person 35 
skilled in the art of designing electronic devices how 
embodiments of these blocks can be manufactured with 
well-known electronic components. A detailed architec- 
ture of the contents of the functional blocks hence is not 
given. 40. 
[0042] While the principles of the invention have been 
described above in connection with specific apparatus, 3. 
it is to be clearly understood that this description is 
made only by way of example and not as a limitation on 
the scope of the invention, 45 

Claims 4. 

1 . Multiband detector (DET) used to generate a plural- 
ity of sub-band symbols (sy1 , .... syk, ...,'syN) from so 
a distorted multiband signal (si) applied to a detec- 
tor input thereof, said multiband detector (DET) 
comprising the cascade connection of: 

a. a sub-band reconstruction and distortion 55 
compensation arrangement (RDA) whose 
arrangement input (RDA-I) is coupled to said 
detector input and which is adapted to compen- 5. 



sate for distortion in said distorted multiband 
signal (si) and to reconstruct a plurality of sub- 
band signals (si1 sik, .... siN) from said dis- 
torted multiband signal (si), and to source each 
sub-band signal (sik) amongst said plurality of 
sub-band signals (si1. sik, .... siN) via a 
respective arrangement output (RDA-Ok) 
amongst a plurality of arrangement outputs 
(RDA-01 RDA-Ok, .... RDA-ON); and 

b. a decision unit (DEC) with a plurality of unit 
inputs (DEC-11 DEC-lk DEC-IN) cou- 
pled one by one to said plurality of arrange- 
ment output (RDA-01 RDA-Ok, .... RDA- 
ON) and a plurality of associated unit outputs 
(DEC-OI DEC-Ok DEC-ON), said deci- 
sion unit (DEC) including between each unit 
input (DEC-lk) and associated unit output 
(DEC-Ok) a comparator means (CMPk) 
adapted to compare said sub-band signal (sik) 
with a constellation scheme and to thereupon 
decide upon the value of a sub-band symbol 
(syk) amongst said plurality of sub-band sym- 
bols (sy1, .... syk, syN), 

CHARACTERISED IN THAT said sub- 
band reconstruction and distortion compensa- 
tion arrangement (RDA) contains between said 
arrangement input (RDA-I) and each arrange- 
ment output (RDA-Ok), a single digital filter 
(FIRk) whose taps are set to perform sub-band 
reconstruction and distortion compensation 
simultaneously and to thereby generate a said 
sub-band signal (sik). 

Multiband detector (DET) according to claim 1, 

CHARACTERISED IN THAT said multiband 
detector (DET) further comprises: 

c. a control unit ,( CTRL) adapted to modify said 
taps of said digital filter (FIRk) upon changes in 
distortion of said distorteci multiband signal (si). 

Multiband detector (DET) according to claim 2, 

CHARACTERISED IN THAT said control 
unit (CTRL) further is adapted to modify the amount 
of said taps of said digital filter (FIRk). 

Multiband detector (DET) according to claim 1 , 

CHARACTERISED IN THAT said compara- 
tor means (CMPk) is coupled to at least one tapped 
delay line (TDk1) adapted to feed back a linear 
combination of subsequent sub-band symbols (syk) 
at said corresponding unit output (DEC-Ok) to 
another unit input (DEC-11) than said unit input 
(DEC-lk) to be added there to a sub-band signal 
(si1) received from said sub-band reconstruction 
and distortion compensation arrangement (RDA). 

Multiband detector (DET) according to claim 2 and 
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claim 4. 

CHARACTERISED IN THAT said control 
unit (CTRL) further is adapted to modify coeff icients 
in said linear combination. 

5 

Multiband detector (DET) according to claim 1, 

CHARACTERISED IN THAT a sample clock 
of said multiband detector (DET) has a higher sam- 
ple clock speed than a sample clock of a multiband 
generator which generated said multiband signal io 
(si). 
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1. Claims: 1-3 • 

Multiband detector using an FIR filter bank for both time to 
f^eqency domain conversion, for for compensation of tune 
domain intersymbol interference. 



2. Claims: 4-5 



Multiband detector with decision feedback, frequency domain 
compensation for inter-subcarrier interference. 



3. 



Claim : 6 

Multiband detector using oversampl ing. 



